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Abstract 

Searches for pair production of gauginos and squarks in e + e~ collisions at a 
centre-of-mass energy of 189 GeV have been performed on data corresponding 
to an integrated luminosity of 158 pb _1 collected by the DELPHI detector 
at LEP. The data were analyzed under the assumption of non-conservation of 
i?-parity through a single dominant U DD coupling between squarks and quarks. 
Typical final states contain between 4 and 10 jets with or without additional 
leptons. No excess of data above Standard Model expectations was observed. 
The results were used to constrain domains of the MSSM parameter space and 
derive limits on the masses of supersymmetric particles. 
The following mass limits at 95% CL were obtained from these searches: 

• neutralino mass: m ~ > 32 GeV 

• chargino mass: m > 94 GeV 

xj ~ 

• stop and sbottom mass (indirect decay) with AM > 5 GeV: 
m t ~ > 74 GeV, for & mix = rad 

m t ~ > 59 GeV, for $ mix = 0.98 rad 
ra 6 ~ > 72 GeV, for & mix = rad. 

The angle 4> m i X is the mixing angle between left and right handed quarks. 
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1 Introduction 

1.1 The imparity violating Lagrangian 

The most general way to write a superpotential, including the symmetries and particle 
content of the Minimal Supersymmetric extension of the Standard Model (MSSM) |]J is: 

W = W M ssm + W RPV (1) 

where Wmssm represents interactions between MSSM particles consistent with B — L 
conservation (B = baryon number, L = lepton number) and Wrpv describes interactions 
violating B or L conservation 0. This latter term of the superpotential can explicitly 
be written asQ ||: 

KjkLiLjEk + X^LiQjDk + X"j k UiDjDk (2) 

where i, j and k are the generation indices; L and E denote the left-handed doublet 
lepton and the right-handed singlet charge-conjugated lepton superfields respectively, 
whereas Q, U and D denote the left-handed doublet quark and the right-handed singlet 
charge-conjugated up- and down-type quark superfields; Ay^, X'^ k and A yfe are the Yukawa 
couplings. The first two terms violate L conservation, and the third term B conservation. 
Since Xy k = —Xjik, A" jfc = —X" k j, there are 9 A^, 27 A^ fc and 9 X"j k leading to 45 additional 
couplings. 

One major phenomenological consequence of R-parity violation (ftp) is that the Light- 
est Supersymmetric Particle (LSP) is allowed to decay into standard fermions. This fact 
modifies the signatures of the supersymmetric particle production compared to the ex- 
pected signatures in case of -R-parity conservation. First, the LSP may be a charged 
sparticle, for example a chargino (this case is considered in this paper). Second, due to 
the LSP decay into fermions, multi-lepton and multi-jet topologies are expected. In this 
paper, searches for pair produced neutralinos charginos (x 1 * 1 ) and squarks (q) were 
performed under the hypothesis of .R-parity violation with one single dominant UDD cou- 
pling. The U DD terms couple squarks to quarks and the experimental signature of the 
fi p events thus becomes multiple hadronic jets, in most of the cases without missing 
energy. These signatures with .R-parity violation through UDD terms have been already 
performed by the other LEP2 experiments [[J. 

1.2 Pair production of gauginos and squarks 

Pair production of supersymmetric particles in MSSM with fi p is the same as R p con- 
served pair production, since the UDD couplings are not present in the production vertex. 

The mass spectrum and the pair production cross sections of neutralinos and charginos 
are fixed, in the analyses described in this paper, by the three parameters of the MSSM 
theory assuming GUT scale unification of gaugino masses: M 2 , the SU(2) gaugino mass 
parameter at the electroweak scale, //, the mixing mass term of the Higgs doublets at the 
electroweak scale and tanfi, the ratio of the vacuum expectation values of the two Higgs 
doublets. The cross section depends also on the common scalar mass at the GUT scale, 
m , due to selectron or sneutrino exchange in the t-channel for sufficiently low sfermions 
masses. 

Pair production of squarks (q) is also studied in this paper. Here the cross-section 
mainly depends on the squark masses. In the case of the third generation, the left-right 

'An additional fourth term in cqji| describing a bilinear coupling between the left handed lepton superfield and the 
up-type Higgs field, is assumed to be zero W] . 
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mixing angle enters in the production cross-section as well. In the squark analysis two 
cases are considered: one with no mixing, the second with the mixing angle which gives 
the lowest production cross-section. 

1.3 Direct and indirect decays of gauginos and squarks 

The decay of the produced sparticles can either be direct or indirect. In a direct de- 
cay the sparticle decays directly or via a virtual sparticle exchange to standard particles 
through an R p vertex. In an indirect decay the sparticle first decays through an Rp con- 
serving vertex to a standard particle and an on-shell sparticle, which then decays through 
an R p vertex. The squark analysis is done considering only the indirect decay channels 
which are dominant for coupling values considered in the present studies. 

Figure [I] shows the direct and indirect decays of gauginos and the indirect decay of a 
squark via UDD couplings. 

The most important features of these decays are the number of quarks in the final 
state which goes up to 10 for the indirect decay of two charginos. Table JI] displays the 
different event topologies from direct and indirect decays through UDD couplings of 
different pair produced sparticles. The 6-, 8-, 10-jet topologies of table [TJ correspond to 
the decay diagrams in figure |l|. 



final states 


direct 


indirect 




decay of 


decay of 


4j 
6j 


qq 

XiXi, X2X1, X1X1 




8j 




qq 


lOj 




xixi 



Table 1: The multijet final states in neutralino, chargino and squark pair production 
when one UDD coupling is dominant. The leptonic decays of W* are not listed in these 
final states since only pure hadronic events are considered in this study. 



1.4 UDD Couplings 

The UDD Yukawa coupling strength, corresponding to a squark decay into two quarks, 
can be bound from above by indirect limits. 

Upper limits on UDD couplings come from Standard Model constraints with experi- 
mental measurements: 

- double nucleon decays for X" 12 couplings ||, 

- n — n oscillations for X" 13 0, 

- Ri = T.UZ^/m ) for A' 3 ' 12 , A 3 ' 13 , A' 3 ' 23 @§. 

The upper limits on the other A" couplings do not come from experimental bounds. 
They are obtained from the requirement of perturbative unification at the GUT scale of 
10 16 GeV. This gives a limit of 1.25 for a sfermion mass of 100 GeV PJTT|. Upper limits 
on the UDD couplings are reported in table ^[ 

Our analysis, which does not search for long lived sparticles in the detector (displaced 
vertices), has a limited sensitivity to weak coupling strengths. The coupling strength 
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ijk K 3 k ijk K jk ijk K 3 k 

A^ s (112) 10- 6 A^ s (212) 1.25 A^(312) 0.43 

A^ b (113) 10- 5 A^ 6 (213) 1.25 A? d6 (313) 0.43 

AU123) 1.25 A' c ' sb (223) 1.25 A^(323) 0.43 



Table 2: Upper limits on the UDD Yukawa couplings in units of (m^/100 GeV), where 
mj is the appropriate squark mass |§. 



dependence of the mean decay length of the LSP is given by [|i~l| ,|l2]j : 



L(cm) = 0.1 (Pi) 




(3) 



if the neutralino or the chargino is the LSP with (3^ = P~/m~. The typical lower limit 
of sensitivity for this analysis (L rC 1 cm) is of the order of 10 -4 (10 -3 ) in case of a x°or 
a of 30 GeV (10 GeV), with a squark mass of 100 GeV. 

For the generation of all the signals a A^ coupling of the strength 0.1 was used. A 
different choice between 10~ 2 and 0.5 would not change the neutralino decay topologies. 
The choice of this specific coupling was arbitrary, since all the analyses in this paper 
were coupling independent. Searches for decays through specific A" couplings, leading 
to the production of one or several b quarks, may indeed use the advantage of 6-tagging 
techniques to reach higher sensitivities, but at the cost of lost generality. The aim of 
this paper was instead to perform a general coupling independent analysis for each of the 
search channels. 



2 Data and MC samples 

The analysis was performed on the data corresponding to an integrated luminosity of 
158 pb" 1 collected during 1998 by the DELPHI detector [F3| at centre-of-mass energies 
around 189 GeV. 

The contributions to the background coming from the Standard Model processes: four- 
fermion final states (WW, ZZ) and Z7— > qq(i were considered. The contribution from 
77 events after preselection was found to be negligible, due to the high detected energy 
fraction and multiplicities of the studied signals. For the Z7^ qq / ~f backgrounds, the 



PYTHIA [14 1 generator was used whereas the four-fermion final states were generated 



with EXCALIBUR [15 



To evaluate signal efficiencies, sparticle production was generated using SUSYGEN 
16| . All generated signal and background events were processed with the DELPHI de- 



tector simulation program (DELSIM). 



3 Analyses 

3.1 Topologies and analysis strategy 

The present study covers the search for x\i Xi^ an d q pair production. The analysis of 
the different decay channels can be organized on the basis of the number of hadronic jets 
in the final state. 
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For each multijet analysis, the clustering of hadronic jets was performed by the ckern 
package [ T7\\ based on the Cambridge clustering algorithm] 18 1. The choice of this clustering 



algorithm was motivated by its good performance for configurations with a mixture of 
soft and hard jets, the expected case for UDD events. Moreover, the algorithm provides 
a good resolution for the jet substructure which is present in UDD indirect decays. For 
each event, ckern provides all possible configurations between two and ten jets. The value 
of the variable y,i + \ (for i between 1 and 9), that is the transition value of the DURHAM 
resolution variable y cut for a given i, which changes the characterization of an event from 
an i to an i + 1 jet configuration, constitutes a powerful tool to identify the topologies in 
multijet signals. 

A neural network method was applied in order to distinguish signals from Standard 
Model background events. The SNNS [0 package was used for the training and valida- 
tion of the neural networks. The training was done on samples of simulated background 
and signal. The exact configuration and input variables of each neural network depended 
on the search channel. Each neural network provided a discriminant variable which was 
used to select the final number of candidate events for each analysis. 



3.2 Hadronic preselection 

Preselection of pure hadronic events was performed at the starting point of the gaugino 
and squark analyses. 

The following preselection criteria were applied for the gaugino (squark) analyses: 

• the charged multiplicity had to be greater or equal to 15 (20); 

• the total energy from charged particles was required to be greater than 0.30 x y^i, 

• the total energy was required to be greater than 0.55 (0.53) x y/s, 

• the total energy from neutral particles was required to be less than 0.50 (0.47) x ^/s. 

With these preselections most of the 77 background was suppressed. Tighter require- 
ments on charged multiplicity included in each analysis made this background negligible. 
Therefore in what follows the main background events will be the four-fermion events 
like W + W~and the Z7 QCD events with hard gluon radiation. Signal efficiency at the 
level of hadronic preselection was between 80% and 90% for high and medium mass of 
pair-produced sparticles. The preselection efficiency for the lowest neutralino mass was 
around 70%. After the hadronic gaugino preselection the agreement between the number 
of observed events (4722) in data and the number of expected events (4736) from SM 
processes was rather good. Figure |2| shows the distributions of several variables after this 
hadronic preselection. 

3.3 Charginos and neutralinos, 6- and 10-jet analyses 

To be efficient for all possible neutralino and chargino masses, the 6- (10-) jet analysis 
was divided into 3 (2) different mass windows. 

The signal selection in both channels was performed in two steps. First, we applied 
soft sequential criteria against mainly Z7 QCD events, except in the case of the low 
neutralino mass window: 

• the effective centre-of-mass energy had to be greater than 150 GeV, 

• the energy of the most energetic photon had to be less than 30 GeV, 

• the sphericity had to be greater than 0.05, the thrust lower than 0.92 and -log(ys) 
was required to be lower than 6. 
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Thereafter, a neural network method was used to select the signal against the Z7 QCD 
and the four-fermion backgrounds. For each analysis window a specific neural network 
was trained. Topological variables used as inputs to the network were: 

• oblateness, 

• -log(y n ) with n=4 to 10, 

• minimum di-jet mass in 4-, 5- and 6-jet configurations, 

• energy of the least energetic jet x minimum di-jet angle in 4 and 5 jet configurations. 

The training was performed in a standard back-propagation manner using the SNNS 
package Hl~9| . The network configuration had 13 input nodes, 13 hidden nodes and 3 



output nodes. The 3 output nodes correspond to the signal, the Z7 background and the 
four-fermion background. This choice was motivated by the fact that we were looking 
for different signal topologies which were either similar to Z7 or to four-fermion events 
depending on the analysis window. 



3.3.1 Direct decay of X1X1 or X1X1 i n ^° 6 jets 

The 6-jet analysis was divided into 3 mass windows to take into account the magnitude 
of the gaugino boost depending on its mass: 

• window Nl; low gaugino mass: 10 < < 30 GeV, 

• window N2; medium gaugino mass: 30 < < 70 GeV, 

• window N3; high gaugino mass: 70 < < 94 GeV. 

The comparison between the number of expected SM background and the number of 
data events was performed for all neural network output values as is shown in Figure |^ for 
the medium gaugino N2 mass analysis window. Signal efficiencies were calculated only 
from signal validation events (signal training events were not used at this level) for each 
neural network output value. Then the expected and obtained number of data events 
as a function of the signal efficiency was plotted as for example in Figure [| for the N2 
analysis window. 

No excess in the data appeared in these distributions, therefore a working point opti- 
mization on the neural network output was performed minimizing the expected excluded 
cross-section as a function of the average signal efficiency of the mass window. The work- 
ing points of the neural network output were 0.953, 0.852 and 0.966 for mass windows 
Nl, N2 and N3 respectively. The corresponding signal efficiencies which increase with 
the neutralino mass were around 10-15%, 25-30% and 20-30% for the mass windows Nl, 
N2 and N3 respectively. To obtain signal efficiencies, the full detector simulation was 
performed on neutralino pair production with a 10 GeV step grid in the neutralino mass 
(10 to 94 GeV). The statistical errors on the efficiencies was typically 2%. 

No excess of data over background was observed for any working point. The numbers 
of events seen and expected from backgrounds are shown in table [| 



3.3.2 Indirect decay of Xi Xi into 10 jets 

The 10-jet analysis was more sensitive to the mass difference between the chargino 
and the neutralino than to the neutralino mass. To take into account this mass difference 
we divided the 10-jet analysis into 2 windows: 

• window CI; low chargino neutralino mass difference: AM < 10 GeV, 

• window C2; high chargino neutralino mass difference: AM > 10 GeV. 
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Window Data backgrounds Z7 background four-fermion backgrounds 
Nl 13 11.5 ± 0.4 10 1.5 

N2 25 23.8 ± 0.5 2.6 21.2 

N3 9 6.3 ± 0.3 OA 5^9 

Table 3: The numbers of events seen and expected from backgrounds for the three mass 
windows of the 6-jet analysis. 



The same neural network method was applied to select 10-jet events coming from indi- 
rect chargino decays. Two neural networks for the two different windows were produced. 
The distributions from expected SM events and data events were in good agreement. 
The neural network output of the C2 mass analysis is given in Figure [5] as an example. 
Figure [?] shows the number of expected events and data events as a function of the signal 
efficiency for the C2 mass window. 

The optimal working points have been found with the same procedure as for the 6-jet 
analysis. The neural network output values were 0.894 and 0.956 for two mass windows 
(CI and C2). The corresponding signal efficiencies were around 15-25% and 10-50% for 
the two mass windows. The statistical errors on the signal efficiency was 2%. 

In Figure || it can be seen that the background is not perfectly reproduced by the 
simulation in the high efficiency region dominated by Z'j background, i.e. at the prese- 
lection level. This region of high efficiency is not considered in the final signal selection 
which is in the 10%-50% efficiency region. The signal region is mainly dominated by four- 
fermion background. Therefore, an increase of the uncertainty of the Z7 background does 
not drastically affect the uncertainty on the expected background in the vicinity of the 
working point. 

No excess was found in observed events compared to expected background for any 
working point. The numbers of events seen and expected from backgrounds are shown in 
table |. 



Window Data backgrounds Z7 background four-fermion backgrounds 
CI 28 25.3 ± 0.6 3.1 22.2 
C2 18 21.0 ± 0.5 L8 19J3 

Table 4: The numbers of events seen and expected from backgrounds for the three mass 
windows of the 10-jet analysis. 



3.4 Squark 8-jet analysis 

Searches for squarks were performed in the case of indirect decays through a dominant 
i?-parity violating UDD coupling. The final states in the indirect decay channel contain 
eight quarks of any flavour, but the topology of the signal strongly depends on the mass 
of the Xii through which the decay proceeds. SUSY signals were therefore simulated at 
different squark masses in the range 50-90 GeV with \\ masses between 10-80 GeV. The 
simulated decay actually used for the studies and efficiency evaluation was b^ b Xv 

The general analysis methods based on a neural network background rejection were 
adopted for the analysis. The analysis was aimed at a good sensitivity for i?-parity 
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violating UDD signals all over the plane of kinematically available squark and Xi masses. 
First a general preselection, in addition to the one presented in section 3.2, was made with 
the aim of a high general efficiency for the signal and at the same time a good rejection 
of low multiplicity hadronic background events. The selection criteria were optimized for 
the 8- jet squark analysis with the following variables: 

• the energy of the most energetic photon in the event had to be less than 45 GeV, 

• the missing momentum of the event had to be less than 76 GeV, 

• the oblateness of the event had to be less than 0.5. 

A neural network was thereafter trained to calculate a discriminant variable for each 
event, in order to distinguish a possible signal from Standard Model background. The 
following quantities were used as input to the neural network: 

• the total energy from neutral particles, the total event energy, the total number of 
charged particles, the energy of the most energetic photon in the event, the missing 
momentum of the event, the oblateness of the event, 

• -log(y n ) with n = 2 to 10, 

• the reconstructed mass from a 5 constraint kinematic fit (the fifth constraint is the 
equal mass constraint on the di-jet masses) performed on the 4 jet topology of the 
event and the \ 2 value of this fit, 

• the minimum angle between two jets times the minimum jet energy from the 5 jet 
topology of the event. 

Note that some of the input variables for the neural network were also used for the pre- 
selection, i.e. the preselection was used to eliminate the signal free regions and thereby 
unnecessary background from the analysis, whereas the neural network served to discrim- 
inate the signal from the background, in the remaining regions with overlapping values of 
the variables. The final selection of candidate events was made based on the output value 
of the neural network. The working point optimization on the neural network output was 
performed minimizing the expected excluded cross-section as a function of the average 
signal efficiency of the mass window. No excess of data over Standard Model backgrounds 
was observed. The numbers of events seen and expected from backgrounds are shown in 
table |5|. 



Data backgrounds Z7 background four-fermion backgrounds 
22 18.4 ± 0.7 3^ 146 

Table 5: The numbers of events seen and expected from backgrounds for the three mass 
windows of the 8-jet analysis. 

The signal efficiency was evaluated at each of the 30 evenly distributed simulated points 
in the plane of squark and neutralino masses and interpolated in the regions between. 
Efficiencies for the signal after the final selection range from 10-20%, for small or large 
mass differences between squark and neutralino, up to 50% for medium mass differences. 
The statistical errors on signal efficiencies were typically 2%. 

4 MSSM interpretation of the results 

No excess was seen in the data with respect to the expected background in any of the 
channels of these analyses. Therefore, limits at 95% confidence level on the cross-section 
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of each process were obtained. Mass limits were derived for supersymmetric particles in 
the MSSM frame with The cross-section (095) that can be excluded experimentally 
at 95% confidence level, was calculated from data and SM event numbers obtained at the 
end of each analysis |20| . 

4.1 Chargino and neutralino multi-jet searches 

The excluded cross-sections, which is the 095 divided by the signal efficiency, are in 
the range [0.5, 0.7] pb, [0.2, 0.3] pb and [0.3, 0.4] pb for the Nl, N2 and N3 neutralino 
analysis mass windows respectively and in the range [0.3, 0.6] pb and [0.1, 0.2] pb for the 
CI and C2 indirect chargino decay analysis mass windows. 

The signal efficiency for any value of Xi an d X masses was interpolated using an 
efficiency grid determined with signal samples produced with the full DELPHI detector 
simulation. For typical values of tan/? and mo, a (/i,M2) point was excluded at 95% 
confidence level if the signal cross-section times the efficiency at this point was greater 
than the cross-section (095). 

Adding the 6-jet analysis (used for the direct decay of X1X1 or X1X1) an d the 10-jet 
analysis (used for indirect decay of XiXi) results, an exclusion contour in the /i, M 2 plane 
at 95% confidence level was derived for different values of m (90 and 300 GeV) and tan/3 
(1.5 and 30). These exclusion contours in the /1, M 2 plane are shown in Figure 0. In 
the exclusion plots the main contribution comes from the study of the chargino indirect 
decays with the 10-jet analysis, due to the high cross-section. The 6-jet analysis becomes 
crucial in the exclusion plot for low tan/? value, low m values and negative fi values. A 
95 % CL lower limits on the mass of lightest neutralino and chargino are obtained from 
the /x, M 2 plane for different values of tan f3 between 0.5 and 30 and for m = 500 GeV. 
The result on the lightest neutralino as a function of tan/5 is shown in Figure [8]. A lower 
limit on neutralino mass of 32 GeV is obtained. The chargino is mainly excluded up to 
the kinematic limit at 94 GeV. 

4.2 Indirect squark multi-jet searches 

Exclusion domains were obtained by calculating 095 divided by the signal efficiency for 
each 1 GeV x 1 GeV bin in the neutralino mass versus squark mass plane and comparing 
them to the cross-section for pair-produced squarks. The excluded cross-section varies 
between 0.2 and 0.9 pb depending on the efficiency. The resulting exclusion contours for 
stop and sbottom can be seen in Figure |9|. A 100% branching ratio of indirect decays 
in the neutralino channel was assumed for this exclusion. The mixing angle 0.98 rad 
corresponds to the minimal lightest stop cross-section due to a maximal decoupling from 
the Z boson. 

By combining the exclusion contours from the squark searches with the constraint on 
the neutralino mass from the gaugino searches, lower bounds on the squark masses with 
AM > 5 GeV are achieved. The lower mass limit on the stop is 74 GeV in the case of no 
mixing, and 59 GeV in the case of maximal Z-decoupling. The lower mass limit on the 
sbottom is 72 GeV in the case of no mixing. For sbottom the minimum cross-section is 
too low to extract any exclusion with the present analysis. 
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5 Summary 

Searches for pair-produced gauginos and squarks, in the case of a single dominant 
i?-parity violating UDD coupling, were performed on data collected by the DELPHI 
detector at a centre-of-mass energy of 189 GeV. The analysis of the hadronic multijet 
final-states was performed by means of a neural network method and the results were 
interpreted within the framework of the MSSM. No excess of data over the expected 
Standard Model events was found in any of the investigated search channels. The result 
of the analysis implies the following lower mass limits, at a 95 % confidence level, on 
super symmetric particles: 

• neutralino mass: m ~ > 32 GeV 

• chargino mass: m > 94 GeV 

Xi ~ 

• stop and sbottom mass (indirect decay) with AM > 5 GeV: 
m t ~ > 74 GeV, for & rnix = rad 

m fl > 59 GeV, for $ m « = 0.98 rad 
ra 6 ~ > 72 GeV, for $ mix = rad. 

These mass limits were obtained under the following assumptions : 

• One UDD term is dominant. 

• The limit on the neutralino and chargino masses were obtained for any m , tan (5 
values and for -200 < fj, < 200 GeV and < M 2 < 400 GeV. 

• The strength of the A" coupling was assumed to be greater than 10 -3 , limited by 
a mean LSP decay length smaller than 1 cm. Smaller coupling strengths lead to a 
region between dominant i?-parity violation and i?-parity conservation, which is not 
covered by these analyses. 

• stop and sbottom mass limits are valid for AM > 5 GeV. They were obtained for 
jj, = -200 GeV and tan (5 — 1.5. A branching ratio of 100 % into quark-neutralino 
was assumed. 
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Figure 1: xli Xi direct decay (left), %t (center) and q (right) indirect decay with 
dominant UDD coupling. W* + is an off-shell W + boson. 
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Figure 2: Charged (upper left), neutral (upper right) energy distributions and charged 
(lower left) and neutral (lower right) multiplicity distributions after hadronic preselection 
of gaugino analyses for data (black dots), expected SM background (hatched histograms). 
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neural net output values 

Figure 3: Neural network signal output for data (black dots), expected SM background 
(tight hatched) and the unweighted signals (loose hatched) corresponding to the medium 
gaugino mass search N2. 
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Figure 4: Number of expected events (continuous line) data events (black dots) versus 
signal efficiency for a 60 GeV neutralino mass in the medium gaugino mass search N2. 
The arrow shows the efficiency corresponding to the working point. 
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Figure 5: Neural network signal output for data (black dots), expected SM background 
(tight hatched) and the unweighted signals (loose hatched) corresponding to the analysis 
applied in case of large AM between chargino and neutralino (window C2). 
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Figure 6: Number of expected events (continuous line) data events (black dots) versus 
signal efficiency for a chargino mass of 80 GeV and a neutralino mass of 50 GeV in the 
analysis applied in case of large AM between chargino and neutralino (window C2). The 
arrow shows the efficiency corresponding to the working point. 
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Figure 7: Exclusion plot in /i, M 2 plane for \i Xi an d Xi" Xi production in the case of 
a dominant UDD .R-parity violation coupling. The 6- and 10-jets analyses are treated 
separately for this exclusion. The shaded areas are excluded. 
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Figure 8: The excluded lightest neutralino mass as a function of tan (3 at 95% confidence 
level. 
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Figure 9: Exclusion domains at 95% confidence level in the M(%?), M(q) plane for indirect 
squark decays in the case of a 100 % branching ratio in the neutralino channel. The left 
plot shows the exclusion for a stop in the case of no mixing and with the mixing angle 
4>mix which gives a minimum cross-section. For sbottom the minimum cross-section is too 
low to extract any exclusion with the present analysis. The diagonal lines indicate the 
degenerate mass limit above which indirect squark decays are forbidden. 



